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matic and degenerative meniscal tears. Despite proposed differences in
etiology, both patterns are associated with development of osteoarthritis
(OA). In established OA, synovitis is associated with pain and progression,
but a relationship between synovitis and symptoms in isolated meniscal
disease has not been previously investigated. The present studies were
undertaken to characterize synovial pathology in patients with traumatic
meniscal injuries and determine the relationship between inﬂammation,
meniscal and cartilage pathology, and symptoms.
Methods: Thirty-three patients without evidence of OA undergoing athro-
scopic menisectomy for traumatic meniscal injuries were recruited. Pain
and function were assessed preoperatively using three different outcome
scores: the Lysholm score (a knee-speciﬁc metric of pain and disability), the
SF-12, and a visual analog pain scale. Meniscal and cartilage abnormalities
were documented at the time of surgery. Inﬂammation was scored on syn-
ovial biopsies and associations between inﬂammation and clinical outcome
scores determined. Gene expression analysis using microarray technology
was performed comparing patients with and without inﬂammation, to
identify gene products that contribute to development of inﬂammation.
Microarray results were validated using quantitative real-time PCR.
Results: Synovial inﬂammation was present in 42% of the patients and was
associated with worse pre-operative pain and function scores, independent
of age, gender, or cartilage pathology. Microarray analysis and real-time
PCR revealed a chemokine signature in synovial biopsies with increased
inﬂammation scores.
Conclusion: In patients with traumatic meniscal injury undergoing arthro-
scopic menisectomy without clinical or radiographic evidence of OA,
synovial inﬂammation was a frequent ﬁnding and was associated with
increased pain and dysfunction. Synovial inﬂammation was associated with
increased expression of chemokines involved in lymphocyte recruitment.
These chemokines could have implications for development of synovial
inﬂammation in patients with meniscal pathology and represent potential
therapeutic targets to reduce inﬂammatory symptoms.
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Purpose: Osteoarthritis (OA) of the knee joint may be caused by inﬂam-
mation, in combination with biomechanical alterations. It is characterized
by a loss of articular cartilage, synovial inﬂammation and subchondral
bone sclerosis. Considerable evidence indicates that the menisci, ligaments,
periarticular muscles and the joint capsule are also involved in the OA
process. The purpose of this study is to provide a theoretical framework for
investigating the infrapatellar fat pad as an additional joint tissue involved
in the development and progression of knee-OA by performing a narrative
review of literature. To reinforce this framework, we aim to demonstrate
that macrophages are present in the human infrapatellar fat pad and that
the production of cytokines by the infrapatellar fat pad can be stimulated
in vitro in an explant culture model.
Methods: A literature search was performed in Pubmed considering publi-
cations from 1948 untill October 2009 with keywords infrapatellar fat pad,
Hoffa fat pad, intraarticular adipose tissue, knee, cartilage, bone, cytokine,
adipokine, inﬂammation, growth factor, arthritis, osteoarthritis. Explants of
the infrapatellar fat pad were obtained from 2 OA patients that underwent
total knee arthroplasty. Explants were cultured in DMEM-high glucose
and ITS with or without 10 ng/ml Il-1β as a pro-inﬂammatory stimulus.
Gene expression was analyzed for MCP-1, Il-6, Il-10 and TNF-α and im-
munohistochemical analysis of explants with CD68 and CD206, markers for
macrophages, was performed.
Results: The infrapatellar fat pad is situated intracapsularly and extrasyn-
ovially in the knee joint. Besides adipocytes, the infrapatellar fat pad
contains macrophages, lymphocytes and granulocytes, which are able to
contribute to the disease process of knee-OA. Furthermore, the infrapatellar
fat pad contains nociceptive nerve ﬁbers that could in part be responsible
for anterior pain in knee-OA. These nerve ﬁbers secrete substance P,
which is able to induce inﬂammatory responses and cause vasodilation,
which may lead to infrapatellar fat pad edema and extravasation of the
immune cells. The infrapatellar fat pad secretes cytokines, interleukins,
growth factors and adipokines that inﬂuence cartilage by upregulating the
production of matrix metalloproteinases, stimulating the expression of pro-
inﬂammatory cytokines and inhibiting the production of cartilage matrix
proteins. The infrapatellar fat pad may also stimulate the production of
pro-inﬂammatory mediators, growth factors and matrix metalloproteinases
in synovium. The infrapatellar fat pad may be inﬂuenced by inﬂammatory
cytokines in the synovial ﬂuid of osteoarthritic joints, since we were
able to stimulate the gene expression of MCP-1 (p<0.001), Il-6 (p<0.001),
TNF-α (p=0.01) and Il-10 (p=0.10) in explants from the infrapatellar fat
pad by the addition of 10 ng/ml Il-1β. Immunohistochemical analysis of
infrapatellar fat pad explants revealed the presence of CD68+ and CD206+
cells.
Conclusions: These data are consistent with the hypothesis that the infrap-
atellar fat pad is an active osteoarthritic joint tissue capable of modulating
inﬂammatory and destructive responses in knee-OA. It should be further
investigated in search for new therapeutic strategies.
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Purpose: Although damage of cartilage and bone are the main patho-
logical features in osteoarthritis (OA), a signiﬁcant involvement of the
synovium has been demonstrated in a large proportion of OA-patients.
The consequences for this synovial involvement in OA pathology are
not yet known. OA incidence is associated with polymorphisms of genes
from the wnt/β-catenin pathway, a pathway that is involved in cartilage
development. In addition, TGFβ-signaling is critical for cartilage integrity.
The aim of the present study is to investigate the contribution of the syn-
ovium to OA pathology via the production of wnts, and whether synovial
wnt-production may lead to skewing of TGFβ-signaling from the protective
smad-2 pathway to the smad1,5,8 pathway, which can induce chondrocyte
hypertrophy.
Methods: Wnt-expression was determined in 2 murine models for OA, one
with clear synovial involvement, collagenase induced (CIOA), and sponta-
neous OA in STR/ort mice, which shows less synovial involvement. CIOA
was generated by intra-articular injection of collagenase, which induces
joint instability. Targets were selected for the generation of adenoviral
vectors to overexpress speciﬁc genes. To study the effect of these genes on
chondrocytes, human chondrocytes were isolated from cartilage that was
obtained from joint replacement surgery and stimulated with wnt3a and/or
TGFβ. Western Blot analysis was performed to detect phosphorylation of
smad1,5,8, which can drive chondrocytes to terminal differentiation. In
vivo effects were determined by intra-articular injection of the viral vectors
and determining joint pathology by histology at several time points after
injection.
Results: Strong upregulation of the canonical wnt16 (up to 256-fold) and
wnt2b (up to 90-fold) was found in both models. Induction of expres-
sion of wnt-proteins was solely found in the synovium, not in cartilage.
However, clear intracellular accumulation of β-catenin was found in both
synovium and cartilage, which indicates the activation of wnt/β-catenin in
both tissues. Wnt-1 induced signaling protein (WISP1), a protein down-
stream canonical wnt signaling, was highly expressed in both tissues, again
indicating activation of this pathway. To determine whether canonical
wnt expression in the synovium can cause cartilage damage, wnt8a was
overexpressed speciﬁcally in the synovium by intra-articular injection of
an adenoviral vector. At day 1 and 3, no changes in the cartilage were
observed. Remarkably, at day 7, a strong induction of cartilage pathology
was observed at the medial margin of the medial tibial plateau, a pref-
erential site for the start of cartilage damage in our models. Incidence of
these lesions was 17% (n=12) in joints with control virus, and 92% (n=12) in
joints that overexpressed canonical wnt8a. This shows that expression of
canonical wnt in the synovium causes cartilage degeneration. Due to their
size, wnt proteins and WISP1 can reach the chondrocytes in the cartilage
matrix and may alter the chondrocyte phenotype. Overexpression of wnt8,
wnt16 and WISP1 in human chondrocytes led to a signiﬁcant increase
within 14 days of collagen type I, and a signiﬁcant decrease of collagen type
II expression, suggesting loss of the chondrocyte phenotype. Preincubation
of chondrocytes with canonical wnts led to the prolonged phosphorylation
of smad1,5,8 after TGFβ stimulation which indicates a change in TGFβ
signaling from protective to hypertrophy-inducing.
